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ENVIRONMENTAL EFFECTS OF APPLYING COMPOSTED
ORGANICS TO NEW HIGHWAY EMBANKMENTS:
PART III. RILL EROSION
R. A. Persyn,  T. D. Glanville,  T. L. Richard,  J. M. Laflen,  P. M. Dixon
ABSTRACT. Control of stormwater runoff and soil erosion on highway construction sites is a concern for state departments
of transportation and municipalities. Composted organics are viewed as an alternative approach to improve construction site
soils and to reduce runoff and soil erosion. The objective of this study is to evaluate the use of blanket-applied composted
organics on rill erosion as compared to soils. Rill erosion was measured on three composted organics applied at 5 and 10 cm
depths, a topsoil treatment (15 cm application), and the existing soil (control) on a highway embankment with a three-to-one
sideslope (33%). Treatments were tested using rainfall simulation at a target rate of 100 mm/h and simultaneously adding
five inflows at the top of the rill on both vegetated and unvegetated plots. Rill erosion on blanket-applied compost treatments
was measured, and the usefulness of the shear stress model for predicting rill erosion on compost-treated areas was assessed.
Rill erodibilities and critical shear values were calculated for all treatments using the shear stress model that was originally
developed for soil. Rill erodibilities were higher on topsoil-treated plots than on control and compost-treated areas. Yard waste
had significantly lower rill erodibility than all other compost and soil treatments. There were no significant differences
between critical shear values for the composts and soil. Yard waste compost exhibited greater resistance to rill formation than
the biosolids and bio-industrial composts or the two soils. Low R2 values for compost erodibility and critical shear suggest
that the shear stress model used in this analysis is not well suited for use with composted organics. Detachment caused by
flotation of low-density particles, and bridging caused by coarse particles lodging farther down the slope, are believed to
be two rill erosion mechanisms in compost that the shear stress model does not adequately address.
Keywords. Compost, Construction, Erodibility, Highway right-of-ways, Rill erosion, Stormwater.
oil erosion is a major contributor of sediments and
nutrients to impaired surface waters, while simulta-
neously reducing soil quality at the eroded site. The
primary mechanisms of water erosion include rain-
drop impact, shallow sheet flow over surfaces (interrill ero-
sion), and concentrated flow in small channels (rill and gully
erosion). Rill and gully erosion can cause dramatic soil loss,
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as the concentrated flow cuts through surface layers and car-
ries away large quantities of soil. Rill erosion is a particularly
pressing problem for highway and other construction sites
that contain impervious surfaces at the top of slopes, as these
surfaces can create high flows and point discharges of water
that can then initiate rills and gullies that expand as water
travels downslope. The resulting erosion leads to significant
off-site loss of materials, increased maintenance costs, and in
extreme cases requires re-grading or reconstruction of the
site.
Compost application has been attracting considerable
attention by businesses, municipalities, and state depart-
ments of transportation as a method to address erosion
concerns during road building and at other construction sites.
Several studies have measured the effectiveness of compost
or wood waste (Agassi et al., 1998; Block, 2000; Demars et
al., 2000; Faucette et al., 2004; Persyn et. al, 2004; Storey et
al., 1996) and straw or woodchip mulch (Lattanzi et al., 1974;
Meyer et al., 1971; Swanson et al., 1965; Young, 1969)
covers on soil erosion. However, many of these studies have
concentrated on reducing interrill erosion, and little data is
available on the use of compost for reducing rill and gully
erosion impacts.
Rill erosion has been described using the shear stress
model for soils (Foster et al., 1984; Haan et al., 1994; King
et al., 1995), for incorporated residue in soil (Franti et al.,
1996a, 1996b), and for unincorporated residues in soils
(Foster et al., 1982a, 1982b). Foster et al. (1982b) further
described the shear stress model for unincorporated crop
S
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residues in two components: that acting on the residue, and
that acting on the soil. This approach seems most valid where
mulching or residue is applied at rates that partially cover or
just cover the soil surface. In these cases, rilling and shear
stress would be acting on the soil and residue at the same
time. In addition, any reductions in rill development would
be considered successful in reducing the overall soil loss. The
use of compost, which in some cases might contain additional
nutrients and heavy metals depending on source materials,
has the potential to move larger quantities of these constitu-
ents off site if excess rilling occurs, despite the overall
reduction in soil loss.
Compost, especially coarse-textured composts, may have
an erosion control performance similar to surface-applied
straw mulch. Both are lignocellulosic organic residues and
may have similar densities, depending on the source
materials.  The mechanisms that cause rill erosion of compost
blankets may therefore also be similar to the mechanisms
previously observed for unanchored crop residues. Foster et
al. (1982a) identified two characteristic failure modes for
unanchored cornstalk mulch on untilled soil. At low mulch
application rates (0.2 kg m−2), mulch was moved down the
slope piece-by-piece over a range of flow rates. At higher
rates (>0.4 kg m−2), the mulch floated and was carried away
in larger quantities down the slope, where it lodged. The most
significant difference between studies of mulch applications
and compost applications is that mulches are typically
applied at much lower rates than those recommended for
compost applications. When compost is applied in a blanket
layer of 5 to 10 cm, a system is created where rill
development will likely occur only in the compost layer
before reaching the underlying soil; therefore, shear stress
will be limited to that acting upon the compost layer.
The goals of this study were to evaluate the effects of
blanket-applied  compost on cover crop establishment, runoff
and soil erosion, and loss of nutrients and metals in runoff. A
two-year project was established to compare the performance
of conventional embankment treatments (direct seeding into
a compacted subsoil and subsoil blanketed with topsoil) with
the performance of embankments treated with blanket-ap-
plied compost (compost placed on top of the soil surface).
This article presents the findings related to rill erosion, as
excess rilling has the potential to move larger quantities of
soil or compost offsite. The two specific objectives of this
article are to:
 Compare measured rill erosion data among compost
blankets and two soil conditions.
 Evaluate the application of the shear stress model de-
veloped for soil rill erosion mechanics to compost blan-
kets.
Previously published research investigated the effects of
compost on cover crop establishment (Richard et al., 2002a),
loss of nutrients and metals in interrill runoff (Glanville et al.,
2004), and interrill runoff and erosion (Persyn et al., 2004).
A report of all results associated with this two-year study was
prepared and submitted to the Iowa Department of Natural
Resources (Glanville et al., 2003) and is available on the
project website at: www.abe.iastate.edu/compost.
MATERIALS AND METHODS
The study was conducted on a highway embankment in
central Iowa after completion of road construction. Three
types of compost were selected for testing by the project
sponsor based on their widespread availability in Iowa. These
included: a sewage biosolids and yard waste mixture
(biosolids), a yard waste compost (yard waste), and a paper
mill and grain processing sludge and yard waste mixture
(bio-industrial).  Two unmulched soil conditions were also
studied: a compacted subsoil (control) representing condi-
tions typical after completion of a construction project and
before any remedial activity, and the compacted subsoil
described above but with the addition of a 15 cm topsoil layer
(topsoil) representing a common Iowa Department of
Transportation (Iowa DOT) practice for establishing vegeta-
tion on poor soils. Physical and chemical characteristics of
the composts and soils used in this study are shown in tables
1 and 2, respectively, and more detailed chemical character-
istics and methods are presented in Glanville et al. (2003,
2004).
Erosion measurements were made during application of
rainfall using a rainfall simulator. The study was conducted
during the summers of 2001 and 2002.
Table 1. Physical and chemical characteristics of composts.
Year Media
Moisture
Content
(%)
Carbon to
Nitrogen
Ratio
Bulk Density
(kg m−3,
dry basis)
Size Aggregate
% Passing
22.2 mm
% Passing
11 mm
% Passing
6.35 mm
1 Biosolids 29 11 500 100 100 96
2 Biosolids 27 11 400 100 97 74
1 Yard waste 39 13 400 94 88 86
2 Yard waste 32 13 400 94 85 85
1 Bio-industrial 29 17 600 100 99 94
2 Bio-industrial 28 19 600 100 100 95
Table 2. Physical and chemical characteristics of soils.
Year Media
Moisture
Content
(%)
Carbon
(%)
Bulk Density
(kg m−3,
dry basis)
% Sand
(0.05 to 2.00 mm)
% Silt
(0.002 to 0.05 mm)
% Clay
(<0.002 mm)
1 Control 5 3.4 1,300 58 28 14
2 Control 6 1.0 1,300 73 17 11
1 Topsoil 10 2.5 1,300 62 24 15
2 Topsoil 6 1.5 1,700 72 17 11
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EXPERIMENTAL DESIGN
Research was conducted using a randomized complete
block design in both years (fig. 1). Treatments consisted of
the three compost media, applied as unincorporated 5 and
10 cm thick blankets (approximately 250 and 500 t ha−1
application rate) on top of the control, and the two soil
treatments described above, the existing compacted subsoil
(control) and imported topsoil applied at 15 cm. All
treatments were tested under unvegetated conditions to
simulate a construction site shortly after disturbance, and
then again six weeks after vegetative growth began to
simulate the performance after typical erosion control
measures. Each treatment was replicated six times within
each vegetative condition over the two years of the study,
with three replications per year. A total of 96 test plots were
used (3 composts × 2 depths × 2 vegetative conditions ×
6 replications + 2 control soils × 2 vegetative conditions ×
6 replications).
SITE CONSTRUCTION
Each rill plot was constructed on a 3:1 (33% slope)
highway embankment by placing compost and topsoil at its
desired depth. All plots were cultipacked twice after the
application of topsoil or compost, and vegetated plots were
fertilized with 500 kg ha−1 of 13-13-13 and seeded according
to Iowa DOT specifications. The seed mixture included oats,
annual ryegrass, red clover, and timothy at rates of 108, 39,
6, and 6 kg ha−1, respectively. After seeding, plots were
hand-raked level, and a rill sampling area was formed by
placing two 4.5 m long galvanized frames 0.2 m apart.
Galvanized collectors were installed prior to rainfall simula-
tion at the downhill side of each plot. The total rill sampling
length was 4.0 m.
FIELD DATA COLLECTION
Runoff Sampling
Data collection procedures for rill erosion were similar to
those described in King et al. (1995). Rainfall at a target rate
of 100 mm/h was applied simultaneously to two side-by-side
plots using an 8 m Norton rainfall simulator with characteris-
tics as described in Meyer and Harmon (1979). When interrill
runoff began or after a 1 h period, flow was added to the plot
at five rates. The lowest flow rate was determined by slowly
increasing the inflow rate until rilling was initiated. Subse-
quent flow rates on unvegetated treatments were increased
between 2 and 3 L min−1 for biosolids and bio-industrial
composts, and between 3 and 5 L min−1 for yard waste and
the two soil treatments. The final flow rate tended to vary the
most because the goal was to collect all flow rates before the
soil surface was exposed on the compost treatments. On
vegetated treatments, subsequent flow rates were increased
by 10 to 12 L min−1 for all treatments. For approximately
3 min, the inflow rate was maintained using a digital
flowmeter and a manual gate valve. Steady-state flow
conditions were assumed to occur after 1 min of the constant
flow rate. The last 2 min were used to collect  runoff samples
to determine solids and water losses.
Runoff samples on compost and soil plots were collected
from all five flow rates; however, composts were only
sampled until the underlying soil was exposed. The advance
velocity in the rill was measured for each flow rate by
measuring the rate of advance of dye applied to the surface
flow (figs. 2a, 2c, and 2d). The average flow in the rill was
calculated by using a ratio for advance velocity to average
velocity of 0.7, a value used for much of the data collected
for the Water Erosion Prediction Project (WEPP) (Elliot et
al., 1989). Rill width was measured at three locations along
the length of the plot after runoff samples were collected.
Slope and rainfall measurements were made for each plot.
Slope measurements were made using a hand level and tape
measure. Rainfall depth was measured at time intervals
throughout the rainfall period at five locations along the
length of the plot. Runoff samples were stored at −4°C until
analysis.
LABORATORY ANALYSIS
Solids Analysis
Total solids (compost or soil) analysis was conducted on
each runoff sample according to procedures outlined in
Standard Methods (APHA, 2000). Each runoff sample
collected was thoroughly mixed, and triplicate subsamples
were removed and placed in 50 mL centrifuge tubes. The
subsamples were centrifuged for 30 min to settle all solids.
Dissolved solids analysis was determined by extracting a
portion (20 to 30 mL) of the supernatant in the top of the
centrifugal tubes and placing it in aluminum weighing dish−
es. The remaining subsamples in the centrifugal tubes and the
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Figure 1. One complete replicate design as used in 2001. Also shown are interrill plots for a companion study.
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(a)
   
(b)
(c)
   
(d)
Figure 2. Photos of (a) bio-industrial compost showing narrow rills, (b) bio-industrial and biosolids composts showing narrow rills and evidence of pref-
erential flow, (c) yard waste compost floating down and lodging, and (d) rill on topsoil.
aluminum weighing dishes were placed in the oven and dried
at 104°C until constant weight was achieved. The subsam-
ples were corrected for the portion of dissolved solids that re-
mained in the tube after extraction, yielding total suspended
solids. This value of total suspended solids was used in all cal-
culations of rill erosion solids concentrations and rill detach-
ment rates. Since compost was blanket-applied, this value
will either represent compost or soil eroding off the plot.
DATA REDUCTION CALCULATIONS AND RILL ERODIBILITIES
Rill erodibility and critical shear were determined by
assuming a linear relationship between the rill detachment
rate and shear stress, as shown in equation 1. Erodibility is
equal to the slope of the line, and the x-intercept is the critical
shear. Critical shear is the point at which the force of the
flowing water in the rill exceeds the ability of the material
(generally soil) to remain in place and detachment begins to
occur (Foster et al., 1984; Haan et al., 1994; King et al.,
1995):
 
( )ncrr KD τ−τ=  (1)
where
Dr = rill detachment rate (mean mass of soil eroded/unit
area/unit time)
Kr = rill erodibility (time/length)
 = hydraulic shear stress (Pa)
c = critical shear (Pa).
n = exponent assumed to be equal to unity (King et al.,
1995).
Detachment rate was a measured parameter during sample
collection.  Shear stress represents the force acting on the
material in the rill and was calculated using equation 2
(Chow, 1959; King et al., 1995):
 
RSγ=τ
 (2)
where
 = hydraulic shear stress (Pa)
 = specific weight of water (N m−3)
R = hydraulic radius (m)
S = slope of the channel (m/m).
Specific weight of water was assumed to be 9800 N m−3,
and the average channel slope was determined by measuring
the slope at three locations along the length of the rill plot.
Hydraulic radius was calculated using equation 3 and
assuming a rectangular cross-section:
 
WP
AR =
 (3)
where
R = hydraulic radius (m)
A = cross-sectional area of flow (m2)
WP = wetted perimeter (m) = width + 2 × depth.
Measured flow discharges, average flow velocity, and
width of the rill were used to calculate the depth of flow using
the continuity equation:
 VAQ =  (4)
where
Q = flow discharge (m3 s−1)
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V = average flow velocity (m s−1)
A = cross-sectional area of flow (m2) = width × depth.
The shear stress model in equation 1 was fitted to each
individual replication. In cases where the slope and x-inter-
cept were positive, rill erodibilities and critical shear values
were determined and used for statistical comparisons among
the three composts and two soils.
STATISTICAL ANALYSIS
Statistical analyses were performed using SAS version 8.0
(SAS, 1999). Analysis of variance (ANOVA) using PROC
GLM on log transformed data was used to determine
significant differences in flow rate, detachment rate, and
shear stress (at the first flow rate only) among treatments. The
log transform was necessary to satisfy the statistical assump-
tions of normally distributed data and constant variance.
Contrast statements were used to determine differences
between treatments for all data; this excludes rill erodibility
and critical shear values where not all replications fit the
critical shear model. In these cases, pairwise comparisons for
rill erodibility and critical shear values were made using the
Tukey procedure. Significant differences were determined at
the 0.05 level.
RESULTS AND DISCUSSION
FIELD OBSERVATIONS
Because composts have different physical and chemical
characteristics  compared to soils, application of the shear
stress model may pose additional challenges for modeling
compost effects (tables 1 and 2). Field observations indicated
that rill erosion exhibited different characteristics from what
would be expected on soils. Rill formation occurred on
compost treatments with the addition of five external flow
rates. For the biosolids and bio-industrial composts, rill
formation was observed to occur quickly, as compared to the
yard waste compost (figs. 2a and 2b). The biosolids and
bio-industrial composts, which were the finest of the three
composts used in this study, rilled at a relatively constant and
small (approx. 5 cm or less) width until they reached the
underlying soil.
The yard waste compost used in this study behaved
differently from the two other composts. The yard waste
compost first rilled at higher flow rates than the other
compost materials. Flow seemed to occur both in the rill that
developed and through the compost matrix itself. The yard
waste compost was the coarsest and contained the largest
particle sizes, which are good physical indicators supporting
its increased ability to transmit larger quantities of water
when compared to finer materials such as soils. Before rill
formation occurred in the yard waste compost, material
tended to float on top of the flowing water and move down
the slope, where it lodged and stopped further detachment
(fig. 2b). This phenomenon agrees with observations by
Foster et al. (1982a, 1982b) with high application rates of
crop residues and is different from rill formation observed on
the topsoil (fig. 2d). The lodging of the yard waste compost
was created by the particles becoming interlaced and creating
a small dam until the flow rate was high enough to breech the
dam.
Another consideration that may have influenced this
movement of material in the yard waste compost down the
slope is the size of the rill sampling area. Since the yard waste
compost was such a coarse material, the rill formation in the
plots might have been a result of the narrow width of the
sampling area (0.2 m). The interaction with the nonporous
galvanized boundary might have reduced the ability of the
yard waste compost to transmit additional quantities of water
and further resist rill formation.
The bulk densities of composts in this study ranged from
400 to 600 kg m−3, with considerable air-filled porosity both
within particles as well as in the matrix (Richard et al.,
2002b). Diffusion of water into and air out of lignocellulosic
particles is slow, especially when the compost is dry and
hydrophobic, resulting in large, woody particles having a
density less than 1000 kg m−3 even after the initial rainfall
period. These factors suggest that detachment and movement
of compost material was likely due to both buoyancy forces
and shear forces. The shear stress model used in WEPP likely
is not valid for blanket-applied compost materials that may
float.
PERFORMANCE AT RILL INITIATION
Unvegetated Plots
The flow rate, shear stress, and detachment rates at rill
initiation are summarized in table 3. The average flow rate at
rill initiation was twice as great for yard waste compost as
compared to the biosolids and bio-industrial composts, and
about 1.6 times as great as for the two soils.
Hydraulic shear at rill initiation would be expected to
slightly exceed the critical shear stress if the shear stress
model in equation 1 is an adequate relationship. If the shear
stress model does not adequately describe the relationship
between detachment rate and shear stress for compost
mulches, then this measured hydraulic shear at rill initiation
may serve as a proxy value to determine differences between
compost and soil in resisting rill formation. Hydraulic shear
at rill formation was higher on all composts compared to the
two soils and may be a result of greater resistance to erosion
until failure occurs. Among the composts, the hydraulic shear
of biosolids and yard waste compost was significantly higher
than the hydraulic shear of the bio-industrial compost.
Table 3. Geometric mean flow rate, shear stress, and detachment rate at the point of rill formation on unvegetated and vegetated plots.[a]
Unvegetated Plots Vegetated Plots
Media N
Flow Rate
(L min−1)
Std.
Dev.
τ
(Pa)
Std.
Dev.
Dr
(g m−2 sec−1)
Std.
Dev.
Flow Rate
(L min−1)
Std.
Dev.
τ
(Pa)
Std.
Dev.
Dr
(g m−2 sec−1)
Std.
Dev.
Biosolids 12 2.7 a 0.8 12 c 4.1 11 c 22 11 a,b 7.5 8.2 a 19 4.5 b 14
Yard waste 12 5.5 c 2.1 13 c 9.6 0.3 a 1.0 18 c 11 13 b,c 16 0.3 a 0.6
Bio-industrial 12 2.7 a 0.8 7.4 b 4.9 13 c 13 12 b 8.8 9.0 a 19 4.5 b 4.6
Control 6 3.7 b 0.5 5.0 a 1.6 1.8 b 1.9 9.0 a 10 9.0 a,b 18 0.5 a 18
Topsoil 6 3.7 b 0.4 4.5 a 4.3 20 c 37 10 a,b 9.1 15 c 17 30 c 37
[a] Means within the same column with different letter designations are significantly different (p < 0.05).
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The yard waste compost required the highest flow rate to
initiate rilling, but the detachment rate on yard waste
compost was significantly less than the detachment rate from
the other two composts and soil plots. The performance of the
yard waste compost is related to its coarse texture and ability
to transmit water through the matrix before detachment.
Detachment rate was significantly less on the control
compared to the detachment rate from biosolids, bio-indus-
trial, and topsoil plots.
Vegetated Plots
Flow rates added to the yard waste on vegetated plots
when rilling was initiated were from 1.4 to 1.7 times that of
other treatments (table 3). Hydraulic shear was higher on
yard waste than on biosolids or bio-industrial compost and
was equal to the two soil treatments. The detachment rate of
yard waste and the control was significantly less than that of
all other treatments. The similarity between detachment rates
of the yard waste and control when rilling was initiated was
achieved with a flow rate 1.7 times greater for the yard
compost than that of the control treatment. Topsoil had the
highest detachment rate compared to all other treatments.
APPLICATION OF THE SHEAR STRESS MODEL
Rill erodibility, critical shear, and R2 values for each
replication are summarized in table 4. Only replications
having a positive slope and x-intercept (identified in bold)
were used to obtain rill erodibility and critical shear values
for statistical comparisons. Some values were excluded from
the analysis in order to rule out any interference from the
experimental  setup. The expected experimental interference
is described below.
Shear Stress Model Fit
In all cases, except the bio-industrial compost, the shear
stress model had a positive slope (rill erodibility) and
x-intercept value (critical shear) on at least half of the
replications. For the bio-industrial compost, five out of
12 replications adhered to these criteria. On the compost
materials,  R2 values were lower and ranged from 0.09 to 0.69
compared to the two soil treatments, where R2 ranged from
0.31 to 0.90.
For replications that did not fit the positive slope and
x-intercept criteria, trends varied among the three composts
and two soil treatments. Composts had some replications that
were opposite to the expected trends, meaning that the slope
was negative or that detachment decreased with an increase
in hydraulic shear. During the replications, this happened
three times with the biosolids, twice with the yard waste, and
twice with the bio-industrial compost. Generally, a negative
slope relationship occurred on replications with smaller
differences in the five hydraulic shear values and when there
was very little difference in the measured detachment rate.
This may be a result of the observed buoyancy of the
composts, suggesting that the transport of solids from
floating particles exceeds that which may be expected from
detachment or hydraulic shear. The floating compost might
have also been accelerated in development by the small plot
width, creating limited pore space for water to flow through
the material.
In other cases where replications did not fit the criteria,
slopes were generally positive, showing that detachment
increased with increasing hydraulic shear; however, the
x-intercept in these cases was negative, suggesting a negative
critical shear. This was the case for all soil replications that
did not fit the criteria. The lack of fit for the two soils may be
attributed to two issues. For the control plots, all replications
in year 2 fit the criteria, and all replications in year 1 did not
fit the criteria. One difference between these two years that
may have contributed to the control soil’s response was that
the project site was disked much earlier in year 1 than in
year 2. Therefore, consolidation of the control soil in year 1
reduced differences in detachment rate over increasing
hydraulic shear, making it more difficult to identify the criti-
cal shear. Topsoil plots that did not fit the criteria were found
to be on replications that had preferential flow along the in-
terface of the plot borders. Preferential flow along the plot
Table 4. Rill erodibility, critical shear, and R2 values on unvegetated plots.
Replication[a]
Mean[b]
Std.
Dev.1 2 3 4 5 6 7 8 9 10 11 12
Kr (kg s−1 N−1)
Biosolids 0.0008 0.0047 0.0023 0.0010 0.0003 0.0004 0.0043 0.0021 0.0008 −0.0018 −0.0022 0.0098 0.0040 b 0.0031
Yard waste 0.0003 0.0006 0.0002 0.0001 0.0006 <−0.0001 0.0005 0.0010 0.0005 −0.0006 0.0003 0.0005 0.0005 a 0.0003
Bio−industrial 0.0017 0.0006 0.0006 −0.0004 0.0002 0.0001 0.0010 0.0014 0.0008 0.0014 −0.0003 0.0027 0.0014 b 0.0010
Control 0.0008 0.0005 0.0004 0.0023 0.0010 0.0036 −− −− −− −− −− −− 0.0023 b 0.0013
Topsoil 0.0134 0.0007 0.0021 0.0082 0.0055 0.0126 −− −− −− −− −− −− 0.0114 c 0.0028
τc (Pa)
Biosolids −13.7 11.5 12.3 1.0 −9.1 −6.0 9.6 15.9 −6.9 19.8 16.4 8.3 9.8 e 5.0
Yard waste −5.8 12.2 10.8 −45.1 7.5 183 2.9 15.3 7.9 45.7 5.7 12.0 9.8 e 4.0
Bio−industrial 1.6 −36.2 4.8 37.6 −19.2 −38.4 −18.9 −11.3 7.3 1.0 41.6 2.9 3.5 d 2.5
Control −0.1 −0.8 −0.6 3.3 7.8 2.5 −− −− −− −− −− −− 4.6 d,e 2.9
Topsoil 5.6 −46.6 −3.0 0.5 −0.4 1.9 −− −− −− −− −− −− 2.7 d 2.6
R2
Biosolids 0.13 0.09 0.21 0.13 0.03 0.04 0.34 0.64 0.23 0.09 0.22 0.44 0.31 f 0.21
Yard waste 0.25 0.69 0.17 0.00 0.17 0.00 0.65 0.22 0.47 0.41 0.35 0.13 0.36 f 0.22
Bio−industrial 0.32 0.11 0.26 0.01 0.09 0.00 0.11 0.04 0.64 0.09 0.12 0.15 0.34 f 0.21
Control 0.50 0.61 0.50 0.31 0.83 0.89 −− −− −− −− −− −− 0.68 f,g 0.32
Topsoil 0.77 0.12 0.74 0.85 0.34 0.90 −− −− −− −− −− −− 0.84 g 0.07
[a] Composts were evaluated on twelve separate replications, and soils were evaluated on six replications. Values in bold type represent the replications that fit
the shear stress model criteria (positive slope and x-intercept) at any R2 value.
[b] Means for each performance measure with different letter designations are significantly different (p < 0.05).
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borders also occurred on some compost plots (fig. 2b). Al-
though measures of repacking the soil or compost after instal-
ling plot borders were attempted, this did not always
eliminate the preferential flow down the plot borders. It is be-
lieved that detachment was also reduced in these cases be-
cause rill development was not completely surrounded by
soil. Future studies may want to consider increasing the rill
sampling area by creating a larger plot width than that used
in this study to eliminate any interference from plot borders.
Additionally, there is considerable error associated with
predicting x-intercepts from linear regressions where the
correlation between x and y values is poor. These two
problems are evident in the raw data collected for the WEPP
experiments (Elliot et al., 1989).
Rill Erodibility
Rill erodibility values were similar between the biosolids
and bio-industrial composts and the control soil, but all
compost treatments and the control had lower erodibilities
compared to the topsoil amendment. Yard waste compost had
the lowest rill erodibility compared to the erodibilities of the
other two composts and both soils. Lower erodibilities on
composts and the control may be attributed to the ability of
the compost to resist erosion up to failure, and to the
compacted and consolidated nature of the control soil
compared to the topsoil. Rill erodibility values for the two
soils seem to be within an acceptable range when comparing
to values reported by Flanagan and Livingston (1995).
Flanagan and Livingston (1995) reported mean rill erodibili-
ties for cropland soils to be between of 0.002 and 0.045 kg s−1
N−1. They reported mean rill erodibility of 0.0102 kg s−1 N−1
on sandy loam cropland soil, which is similar to the soil type
and compaction of the topsoil treatment.
Critical Shear
Critical shear values were not statistically different among
the three composts and control soil. Critical shear was
significantly higher on the biosolids and yard waste compost
compared to the critical shear of the topsoil. Critical shear
values for the two soils are also within an acceptable range
when compared to the range given in Flanagan and
Livingston (1995). They reported a critical shear value for
sandy loam cropland soil to be 2.5 Pa, which is comparable
to the topsoil critical shear value of 2.7 Pa.
R2 Values
Values of R2 were statistically lower on the three composts
compared to the R2 value of the topsoil. The control soil R2
value was statistically equal to R2 values of the three
composts and the topsoil treatment. The lack of fit for the
compost materials is attributed to buoyancy forces, causing
light compost media to float and be transported down the
slope.
CONCLUSIONS
Field observations suggest that rill formation and rill
detachment mechanisms differ between composts and soils.
The main difference appears to be caused by floatation of
compost particles on the water surface, which is attributed to
the low particle densities of unsaturated compost compared
to water. Among the three composts, the yard waste compost
resisted rill formation by allowing water to flow through the
material at higher flow rate additions. In contrast, rill
formation on biosolids and bio-industrial compost occurred
at significantly lower flow rate additions (for unvegetated but
not vegetated conditions) compared to the yard waste and two
soils. Another advantage of yard waste compost was that,
even at the point when detachment first occurred through
buoyancy, the material moved down the slope and lodged
until the flow rate addition was high enough to eliminate this
process. The rill sampling area width of 0.2 m may have
prevented or modified the natural movement of water
through the yard waste compost and decreased its ability to
resist rill formation. Future studies may want to consider
larger rill sampling areas for compost or other materials that
contain coarse particles.
Rill erodibility and critical shear values were calculated
by applying the shear stress model to replications of each
compost and soil treatment. There was a positive slope and
positive x-intercept for the linear relationship between
detachment rate and shear stress on approximately half of all
compost and soil replications. The soils had much greater R2
values than did the composts, which were quite low. The yard
waste compost had a significantly lower rill erodibility
compared to all other treatments. All three composts and the
control soil had lower rill erodibility than did the topsoil.
Critical shear was not statistically different among the three
composts and the control soil (compacted subsoil). Critical
shear was significantly higher for the biosolids and yard
waste compost than for the topsoil. Values for rill erodibility
and critical shear on the two soils appear to be within an
acceptable  range of values, based on those reported by
Flanagan and Livingston (1995).
The shear stress model fit for the composts was very poor.
The limitation of the shear stress model is thought to be
related to the lower density of compost materials relative to
soil and water. This lighter density was observed to cause
compost to float and move down the slope. This different
phenomenon is an area that should be addressed in future
studies so that prediction of compost solids loss due to rill
erosion can be more accurately predicted. Accurate rill
erosion prediction of blanket-applied composts is important
to ensure that excess nutrients and heavy metals do not move
off site and create additional environmental concerns.
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